We propose a rapid enzymatic micromethod for the specific determination of lipase (EC 3.1.1.3) activIty in serum and duodenal fluid. Free linoleic acid produced during 10-mm incubation of 10 jl of sample with 1 ml of substrate (trilinolein emulsion) at 30 #{176}C is converted by lipoxygenase (EC 1.99.2.1), in a coupled reaction, to its hydroperoxide, which is measured photometrically after solubilizing the reaction mixture in ethanol. Lipase activity is calculated from the rate of hydroperoxide formation, with linoleic acid as primary standard. The velocity ofthereaction is greatest at pH 8.8, 35-37 #{176}C, and a deoxycholate concentration of 3.6 mmol/liter. The energy of activation is 6.7 kcal/mol. The differing "apparent" Km values obtained for lipase in undiluted serum (4 X iO mol/liter) and inalbumin-based diluents (1 X iO moP/liter) indicate the presence of a competitive inhibitor in the serum matrix. We detected no lipase activity in urine. Results by the proposed method The most widely accepted methods for measuring lipase activity in biological fluids are modifications of the original method of Cherry-Crandall (2), who used olive oil as substrate and titrated with standardized NaOH the fatty acids liberated during a 24-h incubation. Major drawbacks of these procedures (3) (4) (5) (6) include long incubation times, resulting in nonlinearity and reduced specificity; large sample requirement; the requirement for highly concentrated and stable olive oil emulsions, which are difficult and cumbersome to prepare; and the difficulties of reproducing the end point in the titration of the extremely weak long-chain fatty acids. By using a continuous sampling-technique, Tietz and Repique (7) could shorten the reaction time to <10 mm and thus achieve zero-order kinetics, but their method requires a pH-stat, careful exclusion of CO2 (from the air), and a relatively large sample size (0.5 ml). Rietz and Guilbault (8) incorporated the highly sensitive fluorescent pH indicator, 4-methylumbelliferone, into the olive oil emulsion to decrease the sample requirement and shorten the incubation time, lipase activity being in this case measured via the rate of decrease of fluorescence.
The most widely accepted methods for measuring lipase activity in biological fluids are modifications of the original method of Cherry-Crandall (2) , who used olive oil as substrate and titrated with standardized NaOH the fatty acids liberated during a 24-h incubation. Major drawbacks of these procedures (3) (4) (5) (6) include long incubation times, resulting in nonlinearity and reduced specificity; large sample requirement; the requirement for highly concentrated and stable olive oil emulsions, which are difficult and cumbersome to prepare; and the difficulties of reproducing the end point in the titration of the extremely weak long-chain fatty acids. By using a continuous sampling-technique, Tietz and Repique (7) could shorten the reaction time to <10 mm and thus achieve zero-order kinetics, but their method requires a pH-stat, careful exclusion of CO2 (from the air), and a relatively large sample size (0.5 ml). Rietz and Guilbault (8) incorporated the highly sensitive fluorescent pH indicator, 4-methylumbelliferone, into the olive oil emulsion to decrease the sample requirement and shorten the incubation time, lipase activity being in this case measured via the rate of decrease of fluorescence.
Their method suffers from a narrow linear range and requires use of a fluorometer that has a thermostated cuvet compartment, and calibration with pre-assayed control sera is necessary.
Colorimetry of the free fatty acids produced by iipolysis of an olive oil substrate-in the form of their copper soaps, after extraction into a lipid solvent (9- 11)-also permits shorter incubation (10-30 mm), but involves many tedious manipulations, which limits its usefulness in a routine laboratory. All of these procedures lack the desired sensitivity and precision in the normal range of lipase activities.
Turbidimetric methods of lipase analysis (12) (13) (14) (15) are rapid and simple, but the substrate concentrations used are suboptimal to permit the rate of substrate clearance to be measured in a reasonably accurate photometric range. Initial increases in absorbance and nonlinear absorbance changes throughout the entire reaction period have been reported for patients' samples (16) , indicating problems with some of these procedures. Turbidimetric assays also have to be standardized against more direct comparison methods, because absorbance changes cannot directly be converted into units of lipase activity.
Besides trilinolein and olive oil, several synthetic soluble chromogenic and fluorogenic substrates, mostly monoesters of long-chain fatty acids, have been proposed for use in the measurement of lipase activity in serum (17) . Sarda and Desnuelle (18) , however, have proven conclusively that pancreatic lipase does not act on soluble esters but is active only when adsorbed at an oil/water interface. Indeed, it could be demonstrated that most of these substrates have very low affinity for pancreatic lipase and are readily hydrolyzed by nonspecific esterases (3, 4) .
The determination of lipase activity in serum by radial enzyme diffusion, based on measurement of the cross-sectional area of clearing of an olive oil emulsion suspended in buffered agarose gel, reportedly is highly specific for pancreatic lipase (19) . The disadvantages of this method are the 2-h incubation required, the difficulties of accurately measuring small diameters of the clear zone, and the need to calibrate with secondary standards.
We propose here a relatively simple and rapid procedure for specific determination of lipase activity in serum and duodenal fluid, with trilinolein as substrate. The product of lipolysis, linoleic acid, is measured spectrophotometrically after being converted to hydroperoxide by the action of the enzyme lipoxygenase (linoleate:oxygen oxidoreductase, EC 1.99.2.1). The procedure requires only 10 Ml of serum sample (20 Mlwith test blank), making it applicable to pediatric patients as well.
The substrate is easy to prepare and the total assay time is only 20 mm, making the test well suited for emergency type requests. No unusual equipment is required. 
Materials and Methods

Apparatus
Because of the large excess of lipoxygenase, reaction 2 proceeds very rapidly (V2>> V1) and reaction 1 becomes the rate-limiting step in the reaction sequence. The coupled enzyme reaction is stopped after 10 mm by adding ethanol, which also clears the reaction mixture for subsequent photometric analysis by dissolving the trilinolein emulsion. The amount of linoleic acid hydroperoxide (R-OOH) produced is measured colonmetrically at 480 nm by a modification of Sumner's thiocyanate method (20) :
Lipase activity is computed in IUB units, with use of primary linoleic acid standards that are submitted to the same reaction sequence. The contribution of traces of free linoleic acid and of lipid peroxides, present in commercial batches of trilinolein, is subtracted in a substrate blank, the contribution of endogenous and exogenous sample constituents is compensated for in individual test blanks, and the contribution of the color reagents in a reagent blank.
Method.
Label a series of test tubes two for each patient's serum (T and TB) plus one each for "standard" (5), "substrate blank" (SB), and "reagent blank" (RB).
To each tube labeled T and to SB, add 1 ml of substrate emulsion. To the S tube add 1 ml of the 50 Mmol/liter linoleic acid standard. To each tube labeled TB and to RB, add 1 ml of working buffer.
Place all the tubes in a 30 #{176}C waterbath for 5 mm.
In an exactly timed sequence (a 15-s interval is recommended), add 10 Mlof serum, and 10 Ml of lipoxygenase working solution, in that order, to each tube labeled T and TB, vortex-mixing for 5s after each addition, and replace it in the waterbath. To the S and SB tubes add 10 Ml of lipoxygenase only, vortex-mix for 5 s, and replace in waterbath.
After exactly 10 mm, and in the same timed interval, remove each tube from the waterbath, add 6 ml of acid/alcohol reagent from a dispenser and vortex-mix briefly.
Add 20 il of ferrous ammonium sulfate reagent to all tubes and vortex-mix briefly.
Add 100 Miof ammonium thiocyanate reagent to all tubes and vortex-mix briefly.
Measure the absorbance of each sample at 480 nm vs. the reagent blank (RB).
Calculate the enzyme activity from the absorbance presence of dissolved oxygen according to: of the standard by using the following formula: Alternatively, read the concentration of linoleic acid corresponding to LAT from the linoleic acid standard curve in lLmol/literand multiply this result by 10 to obtain the lipase activity in U/liter.
Notes:
(1) The above procedure may also be applied for the determination of lipase activity in other body fluids. (4) Duodenal aspirates, obtained by intubation, are centrifuged at 0-8 #{176}C at 4000 X g for 10 mm to remove suspended particles and diluted 40-80 fold with a 10 g/litersolution of bovine serum albumin. (2) Because the absorbance of the test blanks does not change measurably during the 10-mm incubation period, it is not necessary to adhere to a timed sequence for the test blanks, and the acid-alcohol reagent may be added to the TB tubes at any time, while the T tubes are still incubating.
Results
Kinetic Variables
Substrate concentration.
Since lipase acts on the oil-water interface only, the interfacial area of the tnlinolein/bufferemulsion takes the place of the substrate concentration in the kinetic equation for homogeneous systems (18) . However, if the substrate is insoluble in water, and the degree of emulsification is identical for all substrate concentrations used, the interfacial area increases linearly with increasing substrate concentration. Because of the technical difficulties of measuring accurately the interfacial area of emulsions, the conditions of emulsification are kept constant throughout this study and the reaction rates are expressed as a function of the tnilinolein concentrations. Figure 1 shows a typical Michaelis-Menten curve, as obtained with a diluted pancreatitis serum sample. The "apparent"
Km constant derived from this graph is about 1 X 10 mol/liter. The substrate concentration chosen for this assay is 3.4 X 10 mol/liter-i.e., 34 X
Km-to
ensure adequate substrate saturation of lipase at high activities. At substrate concentrations >4 X 10 mol/liter there is an apparent decrease in the maximum velocity, consistent with some form of substrate inhibition. To determine if the sample matrix has any effect on the "apparent" Km value or Vmax or both, we compared the reaction rates observed at different substrate concentrations for several undiluted human sera with normal and moderately increased lipase activity, as obtained from a pancreatitis patient in the recovery phase, to those observed for dilutions of pancreatitis serum in aqueous bovine serum albumin. The results are presented in form of the double-reciprocal Lineweaver-Burk plots in Figure 2 . The graph shows that two markedly different negative x-intercepts are obtained for diluted and undiluted samples, irrespective of their origin, corresponding to mean "apparent"
Km values of 1.06 X i0 for diluted and 4.24 X 10 for undiluted samples.2 It clearly demonstrates that the curve obtained for the undiluted pancreatitis sample intercepts the x -axis at about the same point as the normal sena. The significance of these findings is discussed later.
Serial dilutions of pancreatitis serum with heatdeactivated human serum and solutions of 10 g of bovine serum albumin in 1 liter of working buffer yield identical linear calibration curves for lipase activities up to 1000 U/liter. At the high substrate concentration chosen for this assay, Vmar is apparently achieved in all samples, whether diluted or not, and is equal for identical lipase activities, independent of the sample matrix.
Effect of blending time and speed. Substrates prepared by using different blending times and speeds in a commercial blender and by simple vortex-mixer action were compared, to determine the effect of mechanical agitation on the degree of emulsification and the stability of the final substrate.
2The apparent Km was determined from the double-reciprocal plot ( Figure 2 ) that does not contain any data points above 4 X 10 molt liter. However, several experiments were carried out at higher substrata concentrations, which indicated a decrease in Vmax above 4 X iO mol/liter as shown in Figure 1 . These data were not included in the Lineweaver-Burk plot, as they cannot be used for calculation of the linear regression line (deviation from linearity caused by substrate inhibition). The conclusions concerning the kinetics of the system at high substrate levels therefore are not speculative, but are supported by experimental evidence. Best results are obtained with homogenized substrates, prepared by blending the chilled working buffer in a commercial blender at maximum speed with tnlinolein for 3-5 mm. Blending for more than 5 mm does not further increase either the linear range or the stability of the substrate, and results in undesirable heating of the substrate.
Substrates prepared under these conditions are stable for three to four days, if kept refrigerated.
Effect of bile salts. The effect of various concentrations of deoxycholate on the overall reaction rate was studied ( Figure 3) To verify the nature of this pronounced effect of bile salts on apparent lipase activity, we determined the effect of deoxycholate on the linearity of the reaction with respect to time (Figure 4 ). In the presence of deoxycholate, the concentration of linoleic acid increases linearly with time for about 30 mm for both normal and diluted pancreatitis serum. No lag-phase was observed in any of the cases studied. However, in the absence of deoxycholate, all other conditions being equal, the reactions remain linear for only 10 mm and the initial reaction rates are significantly lower. In the absence of bile salts, but in the presence of the albumin-binding dye, 8-anilino-1-naphthalene sulfonic acid (0.6 mmol/liter), the reaction rate is constant and equal to that obtained with bile salts during the initial reaction phase, but it decreases rapidly after 10 mm.
Effect of pH. We studied the effect on the rate of tnilinolein hydrolysis of varying the pH of both normal and pancreatitis serum in the range 7.6-9.4 at 30#{176}C. A tnilinolein substrate, prepared in 50 mmol/liter tris(hydroxymethyl)aminomethane at 25 #{176}C, was divided into several aliquots, which were adjusted individually at 30 #{176}C by dropwise addition of 12 mol/liter HC1 to the desired pH values. The maximum activity observed for each sample was set equal to 100% and all other activities were expressed in per cent of this maximum.
The results ( Figure 5 ) show that lipase of normal serum loses its activity faster than that in diluted pancreatitis serum on either side of the pH optimum, which is about 8.8 at 30 #{176}C for both samples. These results agree well with the pH optimum established by Tietz and Repique (7) for serum lipase, with tniolein as substrate.
Effect of temperature.
The effect of temperature on the rate of triinolein hydrolysis was studied in the range between 20 and 40#{176}C. The pH was maintained at exactly 8.8 at all reaction temperatures, by computing the Figure 6 . The observed reaction rates follow the Arrhenius equation up to about 35 #{176}C, as shown in Figure 7 . Between 37 and 40 #{176}C an actual decrease in activity is observed, indicating progressive heat denaturation of either lipase or lipoxygenase or both. The average energy of activation calculated from these data is 6.7 ± 0.1 kcal/mol. Because of this deviation from the Arrhenius plot at temperatures above 35 #{176}C, the lower temperature optimum for lipoxygenase (20) (21) (22) (23) (24) (25) #{176}C), and the temperature recommendation of the IUB, we chose 30 #{176}C as reaction temperature for the assay. To determine the degree of saturation of lipoxygenase, we analyzed diluted pancreatitis serum under the conditions of this assay, using different lipoxygenase activities. Figure 8 According to equation 2, one mole of oxygen is consumed for each mole of linoleic acid converted to its hydroperoxide. Tappel et al. (22) reported a Km value for the combination with oxygen of about 0.4 X 10 mol/liter, corresponding to an oxygen partial pressure of 2.8 kPa (21 mmHg) at pH 9,20#{176}C, and a linoleate concentration of 300 tmolfliter.
Thus, equilibration of the reaction mixture with air of an average oxygen partial pressure of 21.3 kPa (160 mmHg) should be adequate to saturate the enzyme system with oxygen and ensure zero-order kinetics with respect to oxygen.
We confirmed this assumption by carrying out reactions under a continuous stream of pure oxygen, using preoxygenated buffer, and saw no difference in either the velocity or the linearity of the reaction with respect to time and activity as compared to the same reaction carried out with non-oxygenated buffer in open test tubes in normal laboratory atmosphere.
Linear Dynamic Range
Serial dilutions of pancreatitis serum with albuminbased diluents or heat-deactivated sera show a linear response for lipase activities up to about 1000 U/liter. All sera with activities exceeding 1000 U/liter must be diluted with bovine serum albumin solution (10 g/liter). 
Lipase in Other Biological Fluids
Urine. Urine of patients with acute pancreatitis or with obstruction of the pancreatic duct was analyzed for lipase activity by the proposed method.
No activity was detected in any of the samples, even in the presence of urinary amylase activities exceeding 10 000 Somogyi units/24 h. On re-assay of the urine samples after dialysis against 50 mmol/liter tris(hydroxymethyl)aminomethane buffer (pH 8.8) for 12 h, we found no activity.
To check the urine matrix for the presence of nondialyzable constituents that may interfere with this assay, we compared dilutions of human pancreatitis serum in urine in their activity to the same dilutions in 50 mmol/liter Tnis buffer. Identical results were obtained.
Duodenal fluid. Samples of duodenal fluid were obtained by intubation from patients who were undergoing pancreatic function studies. Basal samples collected for 30 mm before the administration of secretin (1.5 Crick-Harper-Raper units/kg body weight), and for 10-mm intervals thereafter were analyzed for lipase activity by the proposed method. A typical response of lipse secretion to secretin stimulation, as observed during a normal pancreatic function study, is compared to the corresponding change of bicarbonate concentrations in Table 1 . Table 2 lists the results of within-run and day-to-day precision studies, obtained with three serum pools of normal, highly, and moderately above-normal lipase activity, as expected in normal patients and in pancreatitis patients in the acute and in the recovery phase. The day-to-day variation, computed from data obtained with different substrates, reflects the substrate-tosubstrate variability as well.
Day-to-day reproducibility of the linoleic acid standard curve, as determined from 30 different calibration curves prepared on 30 different days, is shown in Figure  9 . The curves are linear to at least 100 imol of linoleic acid per liter (upper limit, 500 imol/liter) and are highly reproducible.
Analytical Recovery of Linoleic Acid
The accuracy of the standardization procedure depends on quantitative analytical recovery of linoleic acid, i.e., all the linoleic acid generated by lipolysis of trilinolein has to be available for reaction with lipoxygenase.
To test the recovery from different sample matrices, we diluted pure linoleic acid standards serially with 50 mmol/liter tris(hydroxymethyl)aminomethane buffer, 5-40 g/liter solutions of bovine serum albumin, and with human sera. Within the experimental limits of variation, the standard curves obtained were identical in all cases, indicating 100% recovery, independent of the nature of the sample matrix.
Comparison with a Copper Soap Extraction Method
We compared the proposed method to the copper soap extraction method of Yang and Biggs (10) , as modified by Myrtle and Zell (11) , because both procedures measure the free fatty acids produced during a 10-mm incubation of an emulsified triglyceride substrate, and both are calibrated with primary fatty acid standards.
To obtain comparable results, we did the copper-soap procedure at 30#{176}C and pH 8.8, rather than 37 #{176}C and pH 80 as specified by the authors.
The results obtained by both methods for sera from 28 patients with clinically confirmed pancreatitis, during the acute and recovery phase (Figure 10 ) correlate well (r = 0.95), and yield the linear-regression line
The lipoxygenic lipase values, however, are consistently higher than the corresponding values by the copper soap method, as indicated by the high slope of 1.6.
Comparison of Lipase and Amylase Activities in Pancreatitis Patients
Serum samples from patients with pancreatitis, collected during the acute and the recovery phase, were analyzed for lipase activity by the proposed lipoxygenic method, and for amylase activity by an automated maltogenic method (21) . The results are listed in Table  3 . Apparently there is no linear relationship between the two sets of data; however, lipase is the more increased in most observed cases of acute pancreatitis, and during the recovery phase, i.e., 3-10 days after an acute episode of pancreatitis, only lipase activities are still consistently above normal. These observations confirm that serum lipase is a more sensitive indicator of pancreatic function than is serum amylase and that it is the only serum enzyme suitable for monitoring the progress of pancreatic disease.
interferences
We determined the effect of lipemia, hemolysis, and hyperbilirubineinia on measurement of lipase activity by the proposed method by diluting pancreatitis serum with heat-deactivated lipemic, hemolyzed, and icteric serum samples, respectively. We saw no significant interference by triglycerides, chylomicrons, hemoglobin, and bilirubin in moderately increased concentrations.
The serum from one patient with multiple myeloma was turbid because gamma globulins precipitated at the alcohol-dilution step. The IgG concentration of this serum was 40 g/liter. A valid result may still be obtained in such a case after removing the precipitate by centrifugation.
Gamma globulins in concentrations up to 3 g/liter, and albumin up to 60 g/liter, are not precipitated by the acid/alcohol reagent under the conditions of this assay. a-Tocopherols reportedly inhibit lipoxygenase competitively (22) . Serum lipase activities of patients on vitamin E therapy were not suppressed, however, probably owing to the large excess of lipoxygenase and the small sample volume.
Serum calcium at concentrations up to 4 mmol/liter does not affect the results. Calcium added in vitro in large excess interferes by precipitating linoleic acid as its calcium soap.
The in vivo effects of various drugs that alter the activity of circulating serum lipase are summarized elsewhere (23).
Normal Range
The normal range was determined for a population of 88 apparently healthy individuals of both sexes, 
Discussion
As in most lipase-specific methodologies, a waterinsoluble, natural triglyceride substrate in emulsified form is used in the proposed assay. In contrast to other methods, however, a coupled enzymatic reaction sequence is used in this procedure to convert the primary product of lipolysis into a chemical compound that may be measured with greater speed and ease and with greater sensitivity, precision, and accuracy than is possible for the analysis of free long-chain fatty acids by either titrimetric or indirect photometric methods involving solvent extractions. This is accomplished by coupling the hydrolysis of trilinolein, the sixfold unsaturated homolog of triolein, which is readily available in pure form, to the conversion of free linoleic acid to its hydroperoxide, which can be measured accurately in very low concentrations in several ways that are discussed elsewhere (24) .
The proposed method includes a modification of Sumner's thiocyanate method (20) , because of its sensitivity and adaptability to routine use in any clinical laboratory.
Suitability of Trilinolein as Substrate for Human Pancreatic Lipase
Affinity.
The low "apparent"
Km value of 1 X 10 mol/liter and the low energy of activation of 6.7 ± 0.1 kcal/mol, determined in this study with dilutions of pancreatitis serum, indicate a high affinity of serum pancreatic lipase for trilinolein.
For the triolein-lipase reaction, an "apparent" Km value of 4 x 10 mol/liter (7), and an activation energy of 7.6 kcal/mol (25) are reported in the literature. A high affinity of pancreatic serum lipase for trilinolein as substrate also follows indirectly from the comparison study with the triolein-based copper soap extraction method, which yields consistently lower specific activities for pancreatitis sera than does the proposed method (slope of regression line: 1.6). Incomplete extraction and copper soap formation of oleic acid may lead to some losses in the copper soap method, but cannot account for the magnitude of the observed differences.
Specificity.
Hepatic carboxylesterase (carboxylicester hydrolase, BC 3.1.1.1) does not hydrolyze tnlinolein emulsions at concentrations up to 500 U/liter under the conditions of this assay. Proteases have no effect, because linoleic acid is measured as the hydroperoxide and not by its acidity. The markedly increased serum lipase activities we observed in all cases of clinically confirmed pancreatitis for periods up to 10 days after an acute episode are further indirect support for the specificity of the substrate.
Disadvantage.
A drawback to the use of trilinolein instead of triolein is its greater susceptibility to autoxidation because it is more highly unsaturated.
The resulting trilinolein peroxides account for most of the substrate blank absorbance (generally 0.3-0.4 A), with only a minor contribution by free linoleic acid, as shown by a comparison of substrate blanks obtained at time 0, and after 10-mm incubation with lipoxygenase (A 0.025). The effectiveness of adding antioxidants and various reducing agents to the trilinolein stock solution to further decrease the substrate blank absorbance is currently being investigated.
Specificity of Lipoxygenase
The successful application of the proposed coupled enzymatic reaction sequence for the measurement of lipase activity is feasible only because of the high specificity of the enzyme lipoxygenase for free linoleic acid and the similarity of the pH optima of both enzymes (pH 8.8 for lipase, pH 8.3 for lipoxygenase).
Lipoxygenase is isolated from soybean-flour extracts. Koch and Ferrari (26) were able to demonstrate the existence of at least two different types of "lipoxidase" enzymes in crude extracts of defatted soybean flour, one with high affinity for trilinolein as substrate ("triglyceride lipoxidase") and a pH optimum of around 5.5 and another with very high affinity and specificity for free linoleic acid ("linoleic acid lipoxidase" or "fatty acid lipoxidase") and a pH optimum of 8.3 at 20#{176}C. We used the latter enzyme preparation, commercially available in purified form, in this study because it shows no significant activity with trilinolein under the prescribed conditions. Lipoxygenase is also highly selective with respect to other fatty acids: Only the essential fatty acids-linoleic, linolenic, and arachidonic acid-fulfill the structural requirements for interaction with the enzyme (27) .
Oleic acid and saturated fatty acids do not react.
From the observation that the absorbance of serum blank samples does not increase measurably during the 10-mm incubation with lipoxygenase in pH 8.8 buffer at 30 #{176}C it may be concluded that the endogenous polyunsaturated fatty acids do not react to form hydroperoxides under the conditions of this assay, apparently because they remain tightly bound to the a!-bumin in the sample matrix and are not available for reaction with lipoxygenase.
Effect of Sample Matrix on Lipase Activity
The results obtained with diluted as compared with undiluted serum samples may be explained by the presence of a competitive or partially competitive inhibitor in the serum matrix that is either diluted out or actively bound by the bovine serum albumin in the diluent. The fact that Vmax is apparently not affected supports the hypothesis that this inhibitor is predominantly competitive in nature.
Our results do not support the hypothesis that "normal serum lipase" and "pancreatitis serum lipase" are two different enzymes with different activity and specificity, because we obtained identical "apparent" Km values for pancreatitis serum and normal serum when both samples were used in the same sample matrix. Moreover, the pH and bile salt optima, determined in this study for both "normal" and "pancreatitis" samples, do coincide. At least some of the previously reported differences in the kinetic properties of lipase in normal sera and sera from pancreatitis patients may be explained by the difference in the sample matrix of diluted and undiluted serum samples.
The Role of Bile Salts
The studies on the effect of bile salts point to a multiple role of these amphipathic compounds in this assay. In addition to their function as emulsifiers in stabilizing the oil-water interface, they are apparently required if the period of linear reaction is to be longest (30 mm). A comparison of the results obtained on the same serum sample with deoxycholate added, and without bile salts, but with 8-anilino-1-naphthalene-sulfonic acid dye present (Figure 4) , indicates that bile salts do not have a direct activating effect on lipase, but rather prevent its deactivation, because the initial reaction rates observed are equal in both cases. These results support the findings of Tietz and Repique (7) . In this particular assay, the bile salts serve yet another function, as indicated by the fact that serum lipase in the absence of bile salt and dye shows a significantly reduced rate of hydroperoxide formation. This may be the result of competition between albumin in the serum matrix and iipoxygenase for the free linoleic acid, a competition eliminated by saturating the binding sites of albumin with 8-anilino-1-naphthalene-sulfonic acid dye.
Lipase In Other Biological Fluids
Our results for urinary lipase activity of patients with pancreatic disease rule out the presence of a lipase inhibitor in urine and indicate that lipase is either not cleared at all by the kidneys or that it is excreted in urine in an inactive form. Goldberg and Pagast (19) arrived at the same conclusion, using a radial enzyme diffusion method for the assay of urinary lipase.
The proposed method is highly suitable for the measurement of lipase activity in duodenal aspirates, because results are unaffected by proteolytic enzymes. The increase of lipase activity in response to secretin stimulation during pancreatic function studies roughly parallels the corresponding increase in bicarbonate concentrations.
Preliminary results indicate that lipase is a significantly more sensitive enzymic indicator of pancreatic function than is measurement of either amylase or trypsin activity, which is widely used for this purpose. Further studies are required, however, to corroborate this point.
Alternative Lipoxygenic Assay Procedures
Linoleic acid hydroperoxide has a distinct absorbance maximum at 234 nm (a = 23 000 at 37 #{176}C), and may be measured directly in its alcoholic solution in a ultraviolet spectrophotometer of sufficiently high resolution and sensitivity.
This approach is useful for diluted pancreatitis sera and duodenal aspirates, but poses problems for normal, undiluted sera because of their high background absorbance in this region of the spectrum.
The reaction between linoleic acid and oxygen (equation 2) is stoichiometnic, and so the rate of lipolysis may also be measured by measuring the rate of oxygen consumption.
This approach lends itself to the direct automated kinetic measurement of lipase activity in a heterogeneous reaction system, and it is currently under development.
